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Didemnins a r t  a recently discovered class of cyclic 
depsipeptidee [Schama I] isolafad from T r W m n u n  aolidum, a 
Caribbean tunicata of the family Didemnidae. These tunicates, which 
encrust rocks, sponges, etc. can be recovered at depths of 10 to 100 
feet by SCUBA techniques. Depending on location, their color may vary 
from green-white and purple-white to brown white or even orange- 
white. Bioassaying organic extracts of these marine organisms 
Rinehart, et al (1,2) showed cytotoxicity to L1210 leukemia cells.
In vivo testing of pure didemnins has shown inhibition of P388 
leukemia and B16 melanoma by the didemnins (1,2). Activity against 
DNA viruses ( Herpes simplex virus type 1 and 2 and RNA viruses ) may 
allow these compounds to be used in treating virus-caused infections 
in humans, animals and plants although mammalian toxicity is a 
problem (1,2 ). Didemnin B is currently in phase 2 clinical trials as an 
anticancer agent.
Molecular weights and formulas, as well as structures have 
been determined by Rinehart, et al. Only a limited number of didemnins 
were used in the present research and their molecular weights and 
formulas are as follows:
Didemnin typg... . ... Molecular wainhtmaltnnsl Formula
A 942 C4 9 H 78N6O 1 2
B 1111 C57H89N 7O 15
E 1479 C72H 11N 12O 21
N,O-diacetyl A 1026 C53H82N6O 14
2
The basic structure of the didemnins involves a cyclic 
depsipeptide with different side chains tor different didemnins (1,2):
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Two main assays were employed In testing the didemnins for 
plant antitumor activity and cytotoxicity. The first, the potato disc 
assay, tested for antitumor activity and has been claimed to yield 
statistical data that correlate with P388 in vivo testing (3). The 
second bioassay tested for cytotoxicity against L1210 leukemia cells.
While testing the didemnins in the potato disc assay, it was 
discovered that the didemnins lost some of their activity when left in 
dimethyl sulfoxide * water (1:3) solution for a long period of time. The 
length of time the didemnin was in solution before the activity was 
decreased varied among the didemnins tested. The solution that the 
compounds were in consisted of 1:3 dimethylsulfoxide:water. Through 
analytical techniques such as TLC, HPLC and mass spectrometry it was 
observed that the didemnins decomposed into related compounds, losing 
their activity in the process. These results will be explored in a later 
section, following a discussion of the procedures used to test the 
didemnins.
Over the past few years the National Cancer institute has 
developed a new in vitro screening system which consists of a panel of 
over SO human cancer cell lines. This panel replaces the previous 
standard of in vivo P388 leukemia assay. In vivo bioassays, such as 
P388, is very expensive (over $1000/compound) as well as time- 
consuming and complicated. McLaughlin has proposed a potato disc 
assay as a simple, in-house method of screening compounds for 
possible antitumor activity (3). The potato disc assay is one of many 
bioassays which have been used in the past to study the neoplastic 
disease of plants known as crown gall,(4,7) which occurs in a wide 
range of dicotyledons and gymnosperms (8,13). The disease is caused by 
the action of specific strains of the gram negative bacterium, 
Agrobacterium tumefaciens. The tumor is initiated after the bacterium 
enters a wound and attachs to the cells of the plant. Ths Ti plasmid in 
Aarobaetarium is responsible for stimulating the growth of tumors. A 
small part of the Ti plasmid, known as T-ONA, is transferred to host 
cells and becomes integrated into the chromosomes(4,9,12) (Figure 1). 
At this point, tumor development and plant opine synthesis begins. One 
concept states that a distinct advantage is given to Aorohacisrinm  
when opine synthesis occurs since the agrobacterium can utilize the 
opine for growth(14).
Figure I.
iMHIf T (ON
Formation of Crown Gall Tumors by Ti-Plasmid Integration
In recent years the potato disc assay has been used more 
and more frequently as a predictor of aniticancer agents rather than as 
an assay to provide information about crown gall. In 1977 Anand 
proposed this a*say as a means to study transformation processes in 
Agrobacterium. Two years later, the assay was put to use by LeGoff , 
but instead of potato discs the crown gall disease was introduced into 
pea seedlings. LeGoff found this a'.say to be a predictor of the 
cancer/anticancer action in some drugs. In 1980 Gaisky (6) used the 
potato discs to test for anticancer activity and found some agreement 
with activity in the P388 assay in vivo, mouse leukemia assay. 
McLaughlin (3) modified Gaisky's assays for use on crude plant extracts 
rather than only pure compounds and in 1984 published a finding that he 
found agreement with in vivo data in 37 of 44 separate tests. 
McLaughlin claimed the assay provides some false positives but very 
few false negatives.
The potato disc assay used in the present research was 
based on McLaughlin's procedures, but with a few new modifications.
Material and Methods:
Agrobacterium tumetaciens , strain B6 , was obtained from 
Dr. McLaughlin and used to induce crown gall tumors in the potato disc 
assay. The B6 strain was cultured and maintained on Ty plates (1.0 g 
tryptone, 0.5 g NaCI, 0.5 g yeast extract. 0.1g glucose in 100 ml H2O ).
The bacteria used for tumor induction were grown for 24 hours in a 
nutrient broth (1g tryptone, 0.5g yeast extract, 0.5g NaCI, 0.1g glucose, 
100 ml water) which was kept in a shaker at 26 °C. When the bacteria 
were growing actively in log phase, the broth was poured into
refrigerated centrifuge tubes and spun down at 10,000 rpm for 10 min. 
The supernatant was drained and 3 ml of phosphate-buffered saline 
(PBS: 0.43 g KH2 PO4 , 1.48 g Na2HP0 4 , 7 2 g NaCI in 1 L H20) was added
to the bacteria pellet. The pellet and PBS were shaken vigorously and 
the resulting suspension placed on a shaker at room temperature before 
introduction onto the potato discs. (The bacteria were shaken because 
Aorobacterium is aerobic and will die if left sitting in the broth.) The 
bacteria were in the PBS solution for no longer than fifteen min.
before they were introduced to the potato discs.
Pontiac red potatoes (purchased from Wisconsin Certified 
Seed Co. in the fall of 1989) were kept in a cold room (4 C ?) until used. 
The potatoes were surface sterilized by immersion for 20 minutes in 
full strength Clorox. The skin of the potato was peeled with an 
autoclaved knife. (After one slice, th* knife was re-sterilized by 
dipping in 95% ethanol and flaming before it was used again.) Cylinders
were cut from the peeled potatoes with autoclaved cork borers. The
cork bores varied in diameter, ranging from 1.0 cm to 1.5 cm . Discs 
approximately 0.5 cm thick were cut from the plugs and placed on 1 .5% 
agar with 0.01% benomyl ( a fungicide from Dupont.) (The benomyl was 
mixed with the water and agar, autoclaved and poured into plastic petri 
dishes.) Each petri dish contained between 5 and 10 discs. The number 
of discs per concentration tested was 25 to 30. The discs were 
inoculated with 10 pi of bacterial suspension which contained the 
compounds to be tested.
The samples to be tested were dissolved in 0.5 ml sterile 
dimethyl sulfoxide (DMSO) and 1.5 ml of sterile water. The amount of
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sample dissoved varied from 1.0 mg to 2.0 mg. Dilutions (with PBS) 
were made to obtain concentrations ranging from 2x1 O' 1 to 2x10*7 pg 
/disc. The Agrobacterium suspension was added to the compounds 
tested ( 10 microliters of compound in varying concentration : 290 
microliters of bacterial suspension ) and 10 pi of the mixture was 
placed on the surface of each potato disc. A set of controls was 
prepared with every assay run. The controls consisted of 25 discs with 
only the bacteria/water/DMSO solution on them. The discs were 
incubated at 28 °C for 12 to 14 days and then the tumors were counted.
After 12 to 14 days, the tumors were visible as small white 
bumps on the potato discs. The discs were stained with 
triphenyltetrazolium chloride (3 g TTC / 1000 m l water). The solution 
was poured over the discs while still in the Petri dishes and left to 
soak for about 3 h. The tumors stained a deep red while the background 
potato did not stain. The tumors could then be scored with the naked 
eye.
Procedures used in the present study differed from 
McLaughlin's in three important ways:
1) The controls and concentrations were prepared in different 
manners. McLaughlin filtered 0.5 mL of DMSO through Millipore 
filters into 1.5 mL of sterile, distilled water and 0.5 mL of the 
resulting solution was added to 2 mL of the B6 strain (a 48-hour) 
culture while still in the nutrient broth. From this mixture, 
McLaughlin inoculated each disc with approximately 50pl. I found it 
best to transfer the bacteria to PBS (described previously) and to 
add only 10pL of the solution per disc, since a large number of discs 
are needed to provide statistical viable information. An excess of 
the solution could not be absorbed readily by the potatoes.
2) Concentrations differed also; McLaughlin tested every 
compound at only one concentration (.01pg/disc) while I tested a 
range of concentrations, with 0 .01pg/disc being the highest. This 
procedure tested whether or not the potato disc assay was a dose- 
sensitive assay.
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3) McLaughlin stained the discs with iodine/potassium iodine 
solution. This solution stained the background, which consisted of 
starch-containing, nontumorous cells. The procedure I used was 
developed by Dr. Elizabeth Benziger, Department of Agronomy, and 
involves the use of 2 ,3 ,5 -triphenyltetrazolium (TTC). The TTC is 
reduced to insoluble red formazan by various hydrogenases and the 
rate of formazan accumulation has been demonstrated to be related 
to the metabolism of the bacteria (16). Since potatoes are composed 
primarily of storage tissue containing non-dividing cells with a low 
respiration rate, they stain slowly. The tumors, in contrast, are 
rapidly dividing, metabolically active cells and accumulate dark 
deposits of formazan. A 0.5% solution of TTC in distilled water was 
prepared and the discs were stained for 2 to 3 h. The tumors stained 
deep red while the remainder of the disc was relatively unstained, 
at which point the tumors were counted. After 24 h the background 
was deep red and tumors could no longer be easily distinguished 
(16).
A few problems with the potato disc assay have led us to 
discontinue its use:
(1) The potatoes which are kept in cold storage are still 
susceptible to viruses and fungi. Benomyl (incorporated into the 
agar) was used to keep the fungus under control.
(2) The potatoes were not healthy enough to use after being 
kept in cold storage for 3-9 months.
(3) Acquiring nev<r potatoes that have not been sprayed with 
sprout inhibitors is often difficult at certain times of the 
year.(Thus, this tends to be a seasonal assay.)
(4) The variety of the tumor counts from tuber to tuber and 
even within tubers is great. Therefore, a large number of discs are 
needed to provide statistically viable information.
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IV. L1210 Cytotoxicity Assay
The L1210 assay was performed by evaporation methanolic 
solutions of compounds to be tested in 18 wells of 24-well tissue 
culture plates. To these wells and the remaining wells, which were kept 
as controls, 1000 L1210 cells in one mL of culture medium were added. 
These plates were incubated for three days, after which the cells were 
counted. Percent inhibition was calculated as (cells in sample 
wells/cells in control wells) x 100 .
Standard animal tissue culture procedures were applied to 
this assay. The sterile, buffered media had to be changed about every 
five days. The modified Eagle's media were mixed from GIBCO MEM 
packages [two 1-L packages of powdc. per liter Milli-Q water, 4.4 g of 
sodium bicarbonate ( part of the buffer) and one 10 ml bottle of GIBCO 
penicillin/streptomycin mixture] and passed through a 0.2  pm filter 
under pressure to sterilize it. This was then stored in the refrigerator 
(labeled 2XMEM) without serum until needed. When an assay was run, 
calf serum and water were added to the 2XMEM mixture to make the 
required 1x medium. This mixture is referred to as MEM10C (10% calf 
serum).
The L1210 cultures used to set up this assay were also 
maintained using MEM10C. New flasks were started with 100,000 cells 
and used when they had grown to 10 million cells in five or six days. 
After six or seven days the cell flasks were subcultured to avoid cell 
death from over crowding.
In assaying the didemnins, the compounds were dissovled in 
methanol and applied in varying concentrations. A standard run 
consisted of six wells used for controls, six wells containing 50 pL per 
well, six wells containing 25 pL per well, and the remaining six wells 
containing 10 pL per well. Results of the L1210 assays performed are 
found in Appendix B.
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V. Results and Discussion
Statistical analysis was performed on the raw data from 
each run of the potato disc assay (Appendix A). Means, standard 
deviations and standard error were calculated for each run. From these 
results, Figures (2-4) were compiled -fo r didemnin B, didemnin A and 
didemnin E. The graphs plot the number of tumors per disc (as a percent 
of the controls) versus the log dose per disc in micrograms. The 
resulting lines (determined by the least squares method ) show all of the 
didemnins having the greatest inhibition at the higher concentrations, 
demonstrating the dose response nature of the assay. Collectively, the 
three graphs show that didemnin E was more active than didemnin B and 
didemnin A was less active. The dose that produced 50% inhibition 
(IC50) can be read from the curves:
Table I
Didemnin__________ ic ^  (uo/disci
E 3.60x10-5
B 1.58x10-3
A 1.37 x10 * 1
However, the graph for didemnin A shows that it is a greater inhibitor at 
lower concentrations than either didemnin B or didemnin E.
During the course of these experiments, a problem arose in 
replicating the results of the didemnin B run. The next two successive 
runs ( after the one plotted in Figure 2 ) showed a marked decrease in 
activity. This can be observed by comparison of the % controls from the 
three runs (Table 2 ) . We suspected that the didemnin B had been ring- 
opened by hydrolysis. (The didemnin B had been left in the 3:1 solution 
of water:DMSO in a freezer for approximately two weeks.) The probable 
didemnin B breakdown product was demonstrated by thin-layer 
chromatography , the material was isolated by preparative TLC and its 
structure was analyzed by mass spectrometry, as follows:
it
A. Thin-layer chromatography of didemnin B decomposition
product:
The solvent system used throughout the analysis and 
isolation was chloroformimethanol (9:1). A slow moving spot was 
identified by comparison of the didemnin B used on the potato discs with 
pure didemnin B prepared by Dr. B. Kundu, University of Illinois.
The slow spot was separated from the original spot on a 
preparative TLC silica plate. The area on the plate containing the slow 
spot was scraped and the spot was extracted with methanol. The 
methanol was filtered through a Millipore filter into a clean vial. The 
silica was extracted and filtered two more times in the same manner. 
The methanol fraction was dried under nitrogen, taken up in methylene 
chloride and filtered a last time. The resulting sample was sent for 
analysis by mass spectrometry. The molecular weight was determined to 
be 1129 Daltons (M + H, 1130), suggesting a molecular formula of 
C5 7 H9 1 N7O 16 • This molecular formula and weight suggests the addition
of water to didemnin B.
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Figure 2
POTATO DISC TUMOR INHIBITION ASSAY OF DIDEMNIN B
LOG DOSE PER DISC IK MICROGRAMS
♦Each point is determined from the mean tumor count from a group of 2! to 26 discs 
divided by the mean count from a similar size group of control discs cut front the same 
potatoes. tThc line showing the least squares fit to the data was produced hy a Cricket 
Graft ® program run on an Apple Macintosh ® computer.
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Figure 3
POTATO DISC TUMOR INHIBITION ASSAY OF DIDEMNIN E
♦Bach point is determined from the mean tumor count from a group of 21 to 26 discs 
divided by the mean count from a similar size group of control discs cut from the same 
potatoes. fThc line showing the least squares fit to the data was produced by a Cricket 
Graft ® program run on an Apple Macintosh computer.
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Figure 4
POTATO DISC TUMOR INHIBITION ASSAY OF DIDEMNIN A
♦Each point is determined from the mean uimor count from a group of 21 to 26 discs 
divided by the mean count from a similar size group of control discs cut from the same 
potatoes. fThc line showing the least squares fit to die data was produced by a Cricket 
Graft ® program run on an Apple Macintosh ® computer.
%  inhibition « (# tumors one test discs/# of tumors on control disc) x 100
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B. Analysis of didemnin B decompostion product by mass 
spectrometry:
The structure of the decompositon product of didemnin B 
was analyzed by mass spectrometry (FABMS/MS) and compared to the 
known structure of didemnin B. The tandem FAB mass spectrum showed 
peaks at m/z 1130, 961, 861, 834, 297 and 170 (Table III and Scheme 
II). High resolution FABMS on m/z 1130 and 861 gave the molecular 
formulas C57H91N7O 16 and C4 3 H69N6O 12 ■ respectively. Comparison of
these data to those for m /z  1112 and 861 in didemnin B showed that 
1130 involves addition of water to 1112 (C57H8 9 N7O 15) and 861 has the
same molecular formula in both compounds. The peak at m/z 961 in the 
decompostion product involves the addition of water to m /z  943 in 
didemnin B. Peaks at m/z 297 and 170 both appear in the spectrum of 
didemnin B and its decomposition product. The pattern of fragmentation 
in didemnin B is shown in Scheme I and the fragmentation pattern of the 
decomposition pattern is shown in Scheme II. The proposed site of 
hydrolysis involves ring-opening between 1st and Hip (Scheme III).
17
Table III
MS/MS peaks fu didemnin B and ring-hydrolyzed didemnin B
observed ions_______________________
ring-hydrolyzed
didemnin B didemnin B ion species
1112 1130 ’ f t  + H
1094 1112 M + H - H20
1084 M + H - CO
1040 M + 2H - Lac
974 M-Hip
943 961 M+2H-[Lac-Pro]
861 M+H-[Hip-Leu]+H20
843 861 M+H-[Hip-Leu]
816 834 M+H-[Lac-Pro-MeLeu]
764 M-[Hip-Leu-Proj
297 297 '.ao-Pro-MeLeu+H
170 170 Lac-Pro+H
142 142 Lac-Pro+H-CO
100 100 MeLeu+H-CO
70 70 Pro+H-CO
Scheme I
1112 ^
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Scheme II
1130
L-Me?Tyr CM, 
764 -
1112
Scheme til
1040
O — We? Tyr~Pro
VI. Appendix A
Statistical Data from Potato Disc Assay
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